Purpose of Review Firearm-related injuries remain a major public health crisis in the USA with significant impact on society. Communities nationwide have a growing need for solutions to mitigate the public health impact through data-driven innovative solutions built on the collective expertise of multiple stakeholders. Recent Findings There is an overall increasing incidence of firearm-related injuries over the past couple of years with more severe injuries and a higher mortality rate. The best available data clearly shows that restrictive legislation, non-liberal licensing, comprehensive background checks, and responsible firearm ownership are associated with lower firearm injury rates. A nationwide firearm research infrastructure is also needed to verify the potential role of these solutions. Summary Firearm-related injuries remain a multifaceted national public health crisis that imposes a significant burden on many medical and social systems. Multiple data-driven targeted interventions can address different dimensions of the problem.
Introduction
Firearm-related injuries remain a major public health crisis in the USA [1••]. According to estimates, it is the leading cause of morbidity and mortality for people below the age of 64 [2] . Relative to other high-income countries, mortality rates in the USA are 25-fold higher [3] . Along with the causalities following mass shootings, more than a hundred people are estimated to die every day due to firearm-related injuries [4] following suicides, homicides, and unintentional injuries [5] . In 2017, gun deaths reached their highest level in at least 40 years, with nearly 40,000 deaths. Gun ownership has also risen in this millennia, along with the types of firearms available to civilians. As estimated by the Congressional Research Service, more than 300 million firearms were in circulation in 2009, the majority of which were handguns (114 million), followed by rifles (110 million), and shotguns (86 million) [6] .
Firearm-related injuries have a significant impact on society and place a substantial financial burden on the healthcare system [7] . The average yearly costs of hospitalizations exceed $2.8 billion without including social costs, which are estimated to be around $229 billion [8] . As firearm-related injuries become increasingly recognized as a multidimensional problem with wide ramifications, communities nationwide have a growing need for solutions to mitigate the public health impact. As access to firearms continues to increase, however, the data needed to address this public health issue remains restricted [9••] . In 1996, the Congress has passed the Dickey Amendment eliminating federal funding for the study of firearm-related injury and death. Like any public health crisis, firearm violence necessitates data-driven innovative solutions built on the collective expertise of multiple stakeholders [9••] . Other than quantifying the burden of the disease, such solutions can help us address the problem from multiple angles, design targeted interventions to guide public health policy, understand the root cause of violence, and provide system-wide adaptations to optimize outcomes in victims. Furthermore, datadriven solutions will elucidate effective strategies to reduce and prevent firearm injury, death, and disability, as well as highlight the need for a robust nationwide firearm research infrastructure and response. Therefore, this review aims to revise the recent literature on the role of data-driven solutions for firearm-related injuries in order to help determine the optimal course of action to reduce such injuries and deaths.
Quantifying the Burden of the Disease: Different Firearms, Different Dimensions
Firearm violence, a complex biopsychosocial disease [10] , requires a multidisciplinary approach to understand its different dimensions and quantify the overall burden. Multiple reports highlight that considerable success has been achieved following the application of the disease model for other types of nonviolent injuries, resulting in a significant reduction in death and disability over the past decades [10] . Using a disease model traditionally used for communicable diseases engages the healthcare community to accurately evaluate its burden in terms of etiologic agents, types of firearms, wounding patterns, fatality rates, and long-term sequelae in survivors. Such data is a prerequisite to building consensus and designing targeted interventions that shape public health policy. In addition, data describing the overall burden would facilitate the commensurate allocation of necessary federal and philanthropic resources.
As is apparent in the literature, different types of firearms make different contributions to the overall burden. Haider et al. conducted a retrospective cohort analysis of 248 active shooter incidents utilizing a federal database spanning 2000-2017. While about one in three active-shooter incidents involved a semiautomatic rifle(s), the large majority involved a handgun(s). Moreover, active-shooter incidents involving a semiautomatic rifle were associated with a greater number of wounded individuals with an increased rate of mortality [11] . A 2018 crosssectional study of 500 victims using federal data obtained from the Boston Police Department supports Haider et al.'s findings. It found that firearms with a large or medium caliber were associated with a higher likelihood of mortality compared to smallcaliber firearms [12] . Thus, the likelihood of death is primarily correlated to the intrinsic lethality of the weapon.
While handguns remain the major concern, semiautomatic rifles and their high-powered military designs are drawing more scrutiny because they are commonly used in massshooting incidents [13••] . Apparently, a widespread access to assault rifles also exacerbates casualties. With around 10 million semiautomatic rifles in circulation among civilians, this type of rifle is being increasingly utilized due to its low cost, wide availability, increased accuracy, and potential to inflict more severe injuries [13••] . Another important parameter to take into consideration is the proportion of patients with potentially preventable death. Sarani et al. reviewed the autopsy reports of more than 200 victims of civilian public mass shootings. On the one hand, one in six patients were deemed to have a potentially preventable death, with the probability being the lowest for handgun victims and highest for rifle victims [14••] . On the other hand, the study also reported that there was no statistically significant difference in the rate of mortality between handgun or rifle victims. This discrepancy could be due to sample size limitations, especially given that the apparent difference was relatively large. Nevertheless, Sarani et al.'s results suggest that mortality may not decrease by implementing firearm access and ownership laws related to only one class of firearms [14••] . Instead, a holistic approach involving all types of firearms may better mitigate the risk of fatal injury after a mass shooting.
Regardless of the type of firearm implicated, many reports highlight the overall increasing burden of firearm violence across the country. In a retrospective review of 823 firearm injury patients from a single center trauma registry, the overall incidence of firearm injuries increased significantly from 15% in 2014 to 21% in 2019 [15••] . The most common intentional injury was assault, followed by self-inflicted and unintentional injuries. Alarmingly, there was a significant rise in the number of severely injured patients, self-inflicted injuries, unintentional injuries, mortality, and mean hospital charges. Data from the same registry also signifies that the problem of firearm violence is multifaceted. A high prevalence of substance abuse was noted among victims. About 73% tested positive for alcohol, and the overwhelming majority of those patients were under the minimum legal drinking age [15••] . Furthermore, up to 60% of patients tested positive for drugs, such as marijuana and amphetamines.
On the whole, we can conclude that the increasing incidence of firearm-related injuries over the past couple of years coincides with more severe injuries and a higher mortality rate. This crisis must be addressed through targeted interventions on multiple fronts, such as firearm safe-storage, mental health, and substance abuse [15••] .
Beyond the tragic gun-related deaths, data on survivors is lacking. The number of nonfatal firearm injuries is estimated to be at least twofold higher than the number of deaths, and they entail serious disability, work loss, and deterioration in the quality of life [7, 16, 17] . The long-term sequelae in this subgroup of patients are a substantial burden on the healthcare system. Spitzer et al. analyzed a nationally represented sample of firearm injury patients, and they reported that one out of every six survivors of firearm injuries will be readmitted within a 6-month period [16] . Along with the challenges to their physical health, injuries attributed to different types of firearms carry a hidden burden of mental health disorders that is woefully underestimated and overlooked upon index admission [13••] . In Joseph et al.'s nationwide analysis of 100,702 survivors of firearm-related injuries, survivors were more likely to have been shot using a semiautomatic rifle (63%), followed by handguns (30%) and shotguns (7%). They also found that 1 in 11 firearm-related injury victims is likely to be readmitted with acute stress disorder or post-traumatic stress disorder within 6 months. More specifically, victims of semiautomatic rifle injuries are more likely to be readmitted with acute stress disorder or post-traumatic stress disorder compared to shotgun and handgun injury victims [13••] . The study also reports on a unique set of biopsychosocial predictors of developing long-term psychiatric sequelae that can be used to develop screening and referral guidelines, which will promote earlier detection and reduce the degree to which the mental health needs of these patients are unmet. This data may also allow the development of risk scoring systems, which can provide a practical tool to objectively guide referral and early psychiatric intervention [13••] .
Targeted Interventions: Public Health Policy in the Crosshairs
Multiple approaches for firearm violence prevention have been proposed or utilized. Some data-driven solutions address primary prevention to curb interpersonal violence and suicide. Other efforts tackle the intrinsic lethality of different types of weapons by creating safeguards regarding the use of such weapons, e.g., trigger locks [18•] . Finally, some solutions call for national and state legislative interventions. While the impact of firearm-related violence on public safety has been well described, the effect of state legislation on such violence remains limited. Restricting access to firearms remains the subject of volatile debate, and such restrictions may have unpredictable effects and unintended consequences. As a polarizing action plan [9••], it remains questionable whether stricter state firearm laws are superior in mitigating the public health impact of firearm violence than safer gun ownership [18•] . Arriving at an optimal public health policy to curb firearmrelated mortality while protecting the rights of citizens is a challenging task. Achieving this goal calls for a multidisciplinary approach and a thorough consideration of the available data. Over the past decade, researchers have demanded more literature regarding the association between state firearm laws and the firearm violence burden. Currently, there are wide variations across states when it comes to firearm regulations. Multiple studies have examined the effect of this variations on firearm violence. The Brady Campaign to Prevent Gun Violence evaluates the strength of state firearm laws on a regular basis using a 100-point scorecard [19] . This scoring system is primarily based on the presence of public health policies (background checks, reporting lost or stolen guns, and restrictive licensing). States having higher Brady scores are considered to have stricter firearm legislation. Joseph et al. conducted a retrospective cohort analysis of 2,583 firearminjured patients included in the nationwide inpatient sample database from 44 states. States were stratified into those with strict laws and those with non-strict firearm laws. The study aimed to ascertain the relationship between firearm legislation and the burden of firearm-related injuries across different states. They reported that states with strict firearm laws had an overall lower annual incidence of firearm-related injuries, with a negative correlation between the observed incidence and the state Brady Campaign score [1••]. Similarly, the rate of inhospital mortality following these injuries was found to be significantly lower in strict firearm states compared to nonstrict firearm states. The report also shed light on the mean number of potential years of life lost (PYLL) due to firearmrelated injuries. Not unexpectedly, the PYLL in strict firearm states was significantly lower relative to non-strict firearm states [1••]. Notably, these findings were replicable when studying a pediatric cohort of 60,224 patients from the same database [20••] . The findings are also in line with what was reported by Fleegler et al. [21] and Staudenmayer et al. [22] . The Injury Control and Violence Prevention Section of the Eastern Association for the Surgery of Trauma (EAST) recently released a practice management guideline emphasizing that more restrictive licensing firearm laws are associated with a lower rate of firearm injuries [23••] .
Besides legislation, there is a growing body of evidence emphasizing the effect of safe gun ownership [18•], including habits like keeping guns unloaded and storing ammunition in a locked location separate from where guns are stored. Such interventions were consistently shown to reduce firearmrelated injuries. Crandall et al. conducted a systematic review of 176 studies aiming to determine the impact of safe firearm storage. More specifically, the review addressed the storage of a loaded or unloaded firearm in a secured or unsecured location. The review also delved into the outcomes of devices that block/disable firearm function. As expected, they reported that major organizations emphasize responsible gun ownership and that firearms should be stored locked, unloaded, and separate from ammunition [18•] . Multiple times, these interventions were reported to deter potential acts of suicide or homicide by a firearm. Considering the impulsivity associated with such events and the lethality of the means, easy and quick access to a loaded firearm has been shown over and over again to increase the risk of completing an intended suicide or homicide [24, 25] . Moreover, the regional rate of suicide by firearms is higher in states that have higher firearm ownership [26] . Although there is a lack of high-grade evidence supporting the use of firearm locks, multiple reviews still recommend their use. This is most likely related to the association between access to a firearm and the risk for completion of suicide attempts among adolescents [27] . Moreover, the widespread distribution and education about firearm locks can potentially increase safe storage practices. Communities capitalizing on this data have initiated free firearm lock programs and educational systems such as Project ChildSafe [28] .
Another important component of practical solutions to firearm violence is responsible gun ownership. This can be implemented by prioritizing background checks to ascertain a potential gun owner's competence in safe firearm ownership. Along with other interventions, responsible gun ownership is a critical element needed to establish a culture of gun safety. Sen and Panjamapirom investigated the association between the types of background check information required by states prior to firearm purchases and firearm violence [29] . They concluded that more comprehensive background checks correlated with drops in the rates of homicide and suicide. Additionally, gunrelated homicide deaths were markedly lower in states with checks for protective/restraining orders and fugitive status [29] . The incidence of suicides was also lower in states implementing background checks for psychiatric disorders, fugitive status, and misdemeanors. There are wide variations in state background checks for firearm purchase, and these differences play an important role in controlling firearm violence. Variations include the use of The Brady Act federal checks, empowering state agencies to enact such checks and performing local-level checks. Based on our literature review, we infer that local-level checks, as opposed to state or federal checks, were associated with a 27% lower firearm suicide rate and a 22% lower firearm homicide rate [30] .
Restrictive gun licensing has been described in the literature multiple times, especially when it comes to its impact on intimate partner violence. Such practices limit firearm access for individuals already convicted of domestic violence. Vigdor and Mercy reviewed the Federal Bureau of Investigation (FBI) crime reports. They concluded that states prohibiting individuals with a restraining order from purchasing a firearm had a reduction in the occurrence of intimate partner homicide (IPH) overall [31] . This finding was corroborated by Bridges et al. [32] . Mandatory arrest laws, on the other hand, were not associated with lower IPH rates. In a more recent cross-sectional study, Kalesan et al. reported that identification requirements for firearm purchase, along with ammunition background checks, are associated with reduced firearm mortality [33] .
In recent years, the right to carry guns and concealed carry laws (CCLs) have been the subject of contemporary debate. Crandall et al. conducted an EAST systematic review to shed light on the impact of CCLs. There are conflicting results in the literature, and there is currently no consensus on the impact of CCLs on eventual outcomes [23••] . Of the nine studies examined in relation to this question, two showed a decrease in firearm injuries in states with CCLs [34, 35] , while five showed no change or mixed-effects [36] [37] [38] [39] [40] 41 ••], and the final two showed increases in firearm injuries [39, 42] .
Phillips et al. explored the differences in criminal convictions between concealed carry permit holders and non-holders in
Texas [43] . They reported that permit holders were less likely to be convicted of crime than non-permit holders. However, the nature of their crimes was related to the availability of a weapon. Permit holders were 2.2 times more likely to commit sexual offenses, 4.7 more likely to commit deadly conduct, and 2.3 times more likely to commit a homicide [43] . At this point, it remains unclear whether the use of CCLs as a sole strategy to decrease the incidence of firearm injuries is adequate. The data do not demonstrate a robust crime suppressive effect of CCLs, and it shows a possible increase in firearm injuries. However, no consensus can be reached at this time in light of the data limitations and conflicting results. Furthermore, the incidence of crime has a bearing on the number of applications for concealed carry permits, which could lead to a vicious cycle that further increases firearm injury rates. This issue requires more longitudinal cohort studies to further investigate the exact risk-benefit ratio of CCLs.
Data on gun sales have been historically difficult to obtain, especially in the absence of a federal firearm registration system. This imposes many limitations in tracking the flow of firearms across the nation. However, in the aftermath of several mass shootings, California has publically released data on new sales and resale of all long guns and handguns from 1996 to 2015. This data has resulted in some important insights. Callcut et al. also analyzed time-ordered data about monthly gun sales provided by the Department of Justice and monthly fatalities from the CDC Wonder Death Certificate Registry [44••] . During the investigated study period (1996-2015), 15 deadly mass shootings and 36 school shootings occurred. Interestingly, the data revealed that a statistically significant proportional spike in sales occurred in the months immediately following every single mass shooting event. Potential explanations include fear of personal safety along with fear of legislation that will prevent future purchasing of firearms [44••] . Moreover, there is debate about whether gun buyback programs can counter alarming trends in firearm violence [45] . Such programs remain a low-cost means to remove firearms from the community, especially from the homes of individuals at increased risk of homicide and suicide [46] [47] [48] . One example is The Injury Free Coalition for Kids-Worcester (IFCK-W) Goods for Guns buyback. Since 2002, 1,861 guns have been collected at an average cost of $53/gun. The coalition reported that 710 people have surrendered firearms, and more than 75 trigger locks have been distributed each year. These characteristics make this initiative a prevention model program that raises community awareness about gun safety and provides high-risk individuals with trigger locks and educational counseling [48] .
The best available data clearly shows that restrictive legislation, non-liberal licensing, comprehensive background checks, and responsible firearm ownership are associated with lower firearm injury rates. Gun buyback programs also have an important role. The variations in the quality of the available data highlight the need for further research to strengthen future evidence-based guidelines, and new investigations should reevaluate these potentially useful injury prevention strategies.
On the Other Side of the Barrel: System-Wide Adaptations
Other than developing barriers to firearm-related injury, some data-driven solutions focus on system-wide adaptations to optimize trauma services following the occurrence of such injuries. Rapid transport from the scene of a shooting to a verified and equipped trauma center is a cornerstone of pre-hospital trauma care. Consequently, survival, especially following penetrating trauma, is primarily dependent on the time until definitive treatment. Aiming to shorten pre-hospital time, nonemergency medical service methods of transport have been implemented in some cities. Other efforts have focused on shortening the time to dispatch by implementing acoustic gunshot detection technology as a method of counteracting the issue of underreported gunshot injuries. Goldberg et al. evaluated the effectiveness of such technologies: ShotSpotter. In their study, all shootings from 2010 to 2018 located in Camden, New Jersey, were reviewed. Shootings where the ShotSpotter was activated were compared to shootings where it was not activated. They concluded that the activation of this technology increased the likelihood of police transport of gunshot victims [49] . Furthermore, the use of this technology resulted in shorter response times, as well as transport times, for both police and emergency medical services, leading to a reduction in eventual mortality [49] . On-scene mortality, however, remains a major shortcoming and more solutions are needed in that regard. Friedman et al. highlighted that in pediatric firearm injury patients, cardiac arrest prior to care arrival was a major source of on-scene mortality occurring mostly from non-compressible injuries. These injuries accounted for around one in four of the injuries and about one in four of the mortalities [50••] . Beyond the use of compression and tourniquets, it is apparent that more education of bystanders and the adoption of more aggressive on-scene interventions are needed to decrease onscene mortality, especially in this vulnerable age group.
Pulling the Trigger on the Need for a Nationwide Firearm Research Infrastructure
Although work has been done to investigate data-driven solutions to the enormous national problem of gun violence, there are still significant gaps in the data, and more research is always needed to generate optimal solutions. Firearm injury prevention research remains underfunded relative to other leading causes of morbidity and mortality [51, 52] . More specifically, only 1.6% of such funding was allocated to firearm violence during 2004-2015 [53] . The federal government, for instance, spends roughly $35 million per year researching car crashes but less than $2 million per year researching gun deaths. Furthermore, firearm research only yielded 4.5% of the predicted volume of publications relative to the observed mortality rate [53] . Although some aspects of the problem are political in nature, there are potential avenues for improvement of firearm violence research through gap analyses, along with a thorough reevaluation of the available data sources. The CDC National Vital Statistics System (NVSS) provides surveillance of firearm mortality via the Web-based Injury Statistics Query and Reporting System (WISQARS). However, there is no dedicated firearm injury reporting system and, therefore, no means to comprehensively collect or report nonfatal firearm injuries. Other data sets, such as those managed by the health cost and utilization project (HCUP), lack adequate granularity and are still subject to the flaws of using administrative coding, underrepresenting trauma centers to estimate injury incidence, and not capturing detailed clinical data or circumstances surrounding injuries [51] . The national trauma data bank (NTDB) overcomes some of the limitations related to administrative coding by relying on trained abstractors; however, it lacks data from non-trauma centers, does not include victims discharged from the emergency department, and would benefit from more information regarding the circumstances of these firearm injuries [54] . There is also a paucity of data from high-risk communities and about the specific characteristics of the firearms involved in gun violence.
Conclusion
Firearm-related injuries are a multifaceted national public health crisis that imposes a significant burden on many medical and social systems. We have emphasized multiple data-driven targeted interventions that address different dimensions of the problem with promising results. The adoption of these solutions in light of the observed conflicts of interest on the subject remains challenging. What is clear is that firearm-related research faces complex and dynamic challenges, and it would benefit from establishing a nationwide firearm research infrastructure.
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